Aims. The aim of this work is the study of abundances of the heavy elements Ba, La, Ce, Nd, and Eu in 56 bulge giants (red giant branch and red clump) with metallicities ranging from −1.3 dex to 0.5 dex. Methods. We obtained high-resolution spectra of our giant stars using the FLAMES-UVES spectrograph on the Very Large Telescope. We inspected four bulge fields along the minor axis. Results. We measure the chemical evolution of heavy elements, as a function of metallicity, in the Galactic bulge. Conclusions. The [Ba, La, Ce, Nd/Fe] vs. [Fe/H] ratios decrease with increasing metallicity, in which aspect they differ from disc stars. In our metal-poor bulge stars, La and Ba are enhanced relative to their thick disc counterpart, while in our metal-rich bulge stars La and Ba are underabundant relative to their disc counterpart. Therefore, this contrast between bulge and discs trends indicates that bulge and (solar neighbourhood) thick disc stars could behave differently. An increase in [La, Nd/Eu] with increasing metallicity, for metal-rich stars with [Fe/H] > 0 dex, may indicate that the s-process from AGB stars starts to operate at a metallicity around solar. Finally, [Eu/Fe] follows the [α/Fe] behaviour, as expected, since these elements are produced by SNe type II.
Introduction
Heavy elements (with Z > 30) are produced by neutron captures through s-and r-processes in a variety of sites. In strict terms, the s-process indicates a situation where no neutron captures take place on β-unstable nuclei, while the r-process indicates a situation where neutron captures occur before a radioactive β-decay. Different channels have been identified for s-element production (Käppeler et al. 1989 Busso et al. 1999; Frischknecht et al. 2012; Bisterzo et al. 2014) : the weak component, contributing elements of A ≤ 90, takes place during He core and convective shell C burning of massive stars; and the main and strong components (A ∼ 90 − 208) are produced in helium rich intershells of thermally pulsing asymptotic giant branch (AGB) stars (Bisterzo et al. , 2014 . According to, for example, Send offprint requests to: M. Van der Swaelmen Observations collected at the European Southern Observatory, Paranal, Chile (ESO programmes 71.B-0617A, 73.B0074A, and GTO 71.B-0196) Arlandini et al. (1999) ; Simmerer et al. (2004) , the elements Ba, La, Ce, and Nd in the solar neighbourhood, are dominantly produced by the s-process. However, Truran (1981) suggested that, in very old stars, the abundances of these elements are the result of their r-process fraction produced at early times. This can apply to the Galactic bulge, which shows its bulk of stars as being very old (Zoccali et al. 2003; Clarkson et al. 2008) . Of the 58 dwarf stars observed thanks to microlensing effects, Bensby et al. (2013) estimated that 22 % are younger than 5 Gyr and 38 % are younger than 7 Gyr (if He is standard), and these stars are among the more metal-rich stars. If a higher value of the He content is chosen, then age determination leads to a smaller fraction of stars younger than 6 − 8 Gyr. The old bulge stars could have their heavy element abundances produced by the r-process, as seems to be the case for metal-poor halo stars (e.g. Siqueira Mello et al. 2012 ).
The r-process is less well understood than the s-process, and there is still no consensus as to where the r-process takes place, as discussed in, for example, Wanajo & Ishimaru (2006) ; Kratz et al. (2007) ; Thielemann et al. (2011) ; Langanke & Thielemann (2013) ; Rosswog et al. (2014) , among others. Recently, the hypothesis of r-element nucleosynthesis taking place in neutron star merger events is favoured by Rosswog et al. (2014) and Wanajo et al. (2014) . These authors suggest that the strong r-process produces elements with A > 130, and the weak r-process yields elements with 50 < A < 130. Finally, massive spinstars can produce s-elements very early in the Galaxy, as proposed by Chiappini et al. (2011); Chiappini (2013) .
The centre of our Galaxy hosts a dense stellar structure, and there is a strong debate concerning its formation process. The Galactic bulge shares chemical and kinematical properties compatible with a classic spheroid and a boxy bulge (Minniti 1996) . Recently, Babusiaux et al. (2010) , Babusiaux et al. (2014) , Hill et al. (2011) , Bensby et al. (2013) and Rojas-Arriagada et al. (2014) have been able to identify two different stellar populations using chemical and kinematical properties of stellar samples. They found a stellar population that is old, metal-poor, alpha-element-rich, and has isotropic kinematics, and a younger population that is metal-rich with solar α-ratios and bar-like kinematics. Chemically and kinematically speaking, the metalpoor component has similarities with the thick disc, while the metal-rich component is more similar to an inner thin disc. Ness et al. (2013) carried out a large survey of bulge stars, and were able to separate up to five stellar populations in terms of kinematics and metallicity distributions. They also suspect that the different bulge components have an origin in the thin and thick discs of the Galaxy.
A number of scenarios have been described to explain how to form a spheroidal bulge. For instance, Eggen et al. (1962) , Noguchi (1999 ), or Elmegreen et al. (2008 form a spheroidal bulge by gravitational collapse or hierarchical merging of subclumps formed in the disc. On the other hand, Jørgensen & Lindegren (2005) or Saha et al. (2010) are able to form a boxy bulge via heating processes after the formation of a dynamical bar due to disc instabilities. However, there is no consistent explanation of all the observational features of the bulge. This is expected, given that our Galaxy is an intermediate Sbc type spiral galaxy, and the bulges are considered to be true bulges in Sa and Sb type galaxies, and boxy bulges forming from the bar in Sc type galaxies (Saha et al. 2010) .
Chemical abundances of α-elements have been used to obtain insights into the chemical history of the Galactic bulge (e.g. McWilliam & Rich 1994 , Fulbright et al. 2007 , Zoccali et al. 2006 , Lecureur et al. 2007 , Gonzalez et al. 2011 , Hill et al. 2011 . In the present work, we try to explore the possibility of using the abundances of heavy elements to characterise the bulge stellar population chemically, and to provide hints about nucleosynthesis processes and the kind of supernovae (SN) that enriched the Galactic bulge. We derive heavy element abundances for a sample of 56 bulge field stars observed at high spectral resolution with the FLAMES-UVES spectrograph at the Very Large Telescope, as described in Lecureur et al. (2007) , Zoccali et al. (2006 Zoccali et al. ( , 2008 .
We compare our results with previous samples in the literature, for which heavy element abundances were derived in Galactic bulge stars. Johnson et al. (2012) derived abundances of the heavy elements La, Nd, and Eu in red giants in Plaut's field, among which they found r-II stars (Johnson et al. 2013) . Bensby et al. (2013) presented element abundances of 58 microlensed bulge dwarfs and subgiants of the Galactic bulge. Their study includes the abundances of the heavy element Ba.
In Sect. 2 we report our observations. In Sect. 3 we provide the atomic constants for the lines under study. In Sect. 4 we list the basic stellar parameters and describe the abundance derivation of heavy element. The results are derived in Sect. 5 and discussed in Sect. 6. Conclusions are drawn in Sect. 7.
Observations
The spectra we used for this study on heavy elements have already been used for light α-elements in Zoccali et al. (2006) ; Lecureur et al. (2007) and the iron-peak element Mn and Zn (Barbuy et al. 2013 (Barbuy et al. , 2015 . These papers provide further details on the target selection, data reduction, and stellar parameters determination. We summarize these papers below. Zoccali et al. (2006) obtained the spectra of 56 bulge giant stars with the multifibre spectrograph FLAMES/UVES (R ∼ 45000) at the UT2 Kuyen VLT/ESO telescope. The spectra, obtained with the UVES spectrograph, span a wavelength range from ∼ 4800 to ∼ 6800 Å, with a gap (inherent to the instrument design) between 5775 and 5825 Å. The targets are located in four different fields of the Galactic bulge: the Baade's Window (l = 1.14
, and the field of NGC6553 (l = 5.2
• , b = −3 • ). Thirteen of our 56 stars are red clump (RC) stars and located in the Baade's Window, the others are red giant branch (RGB) stars slightly brighter than the RC. Lecureur et al. (2007) performed the data reduction with the ESO FLAMES/UVES pipeline (debiasing, flat-fielding, spectrum extraction, wavelength calibration, order merging), and they performed the sky subtraction and the co-addition of multiple observations with IRAF tasks.
The stellar parameters (temperature T eff , surface gravity log g, overall metallicity [M/Fe], and microturbulence velocity v turb ) were derived by Lecureur et al. (2007) for the RGB stars and by Hill et al. (2011) for the RC stars. The stellar parameters were derived by applying the standard spectroscopic criteria to their set of iron lines.
Abundances

Methods
We obtained element abundances through line-by-line spectrum synthesis calculations. We used the technique of line fitting described in Van der Swaelmen et al. (2013) to derive the elemental abundances, which is based on a weighted χ 2 minimisation with weights inversely proportional to the computed blends from other species at each wavelength. We computed a grid of synthetic spectra using turbospectrum (code of line synthesis described in Alvarez & Plez 1998 and improved along the years by B. Plez) together with the grid of OSMARCS spherical model atmospheres 1 (Gustafsson et al. 2008) . We computed the synthetic spectra in spherical geometry, with LTE spherical radiative transfer. Our χ 2 algorithm then found the best match between the synthetic and observed spectra. Figure 1 shows the fits to the observed spectrum of the RC star Bwc-4 for the lines of Ba, La, Nd, and Eu. Table 1 gives individual abundances for our bulge stars.
Line lists
We compiled the atomic line lists from the line database VALD 2 (Kupka et al. 1999 (Kupka et al. , 2000 . We took into account the hyperfine 1 models available at http://marcs.astro.uu.se/ 2 http://www.astro.uu.se/˜vald/php/vald.php structure (hfs) for Ba II (Rutten 1978: 6496.912 Å) , La II (Lawler et al. 2001a: 6262.287 Å, 6320.430 Å, 6390.477 Å) , and Eu II (Lawler et al. 2001b: 6645.064 Å) . Table 2 lists the lines we used with their log g f . Given the cool effective temperature (T eff ∼ 4500 K) of our targets, molecules are expected to form in the atmosphere of our bulge stars and are responsible for molecular bands in the stellar spectra. Therefore, we included the molecular line lists of 12 C 14 N, 13 C 14 N (Plez, private communication) and TiO (Plez 1998) in the spectrum synthesis. 
Initial chemical composition
We have to set CNO abundances before any abundance derivation since the CNO mix drives the equilibrium between atomic species, C, N and O, and molecular species, CN and CO, and therefore the CNO mixture controls the strength of CN features. Lecureur et al. (2007) 
µ Leonis as a benchmark star
We chose the metal-rich, thin-disc giant star µ Leonis as a reference star to calibrate our line list, and, in particular, to adjust the pseudo-log g f describing the CN lines. Our benchmark analysis is based on a spectrum of µ Leo taken at CFHT with ESPaDOnS (R ∼ 80000; see Lecureur et al. 2007 ). We made the same choice of stellar parameters as Lecureur et al. (2007) : Table 3 lists the individual abundances we derived for µ Leo. Figure 2 shows example of fits.
Calibration of the line list
Our selected lines are sometimes affected by a blend with atomic or molecular (CN) lines since the blends are stronger at richer metallicities. However, molecules are often poorly known and it might be necessary to determine an astrophysical log g f . We sum up below a number of checks we made and the calibration we performed, when it was possible, based on high-resolution and high signal-to-noise ratio (SNR) µ Leo spectrum and the stellar parameters and CNO abundances given above. Europium. A strong CN band popped up in the synthetic spectrum of µ Leonis at 6644.5 Å when using the original CN line lists, but this molecular band is smaller in the observed spectrum. Since this CN band modifies the blue wing of the Eu line at 6645 Å, we adjusted the corresponding pseudo-log g f .
Barium. The Ba line at 6496 Å is blended with CN lines. No adjustment was needed on the CN log g f . However, in our cool and metal-rich giants, the Ba line is strong (i.e. saturated and depends weakly on the abundance), and therefore, the abundance determination suffers large errors.
Lanthanum. The La line at 6262 Å is blended with CN lines. We found that this line cannot be satisfactorily fitted in a highresolution spectrum of the Sun, µ Leo, and Arcturus. In addition to the fact that the CN lines are poorly predicted, the shape of the La line due to the hyperfine structure never matches and is always broader than the observed line for our three reference stars. The hyperfine structure computed using the A and B coefficient of Lawler et al. (2001a) , for the E = 3250.35 cm −1 and Fig. 3 . Synthesis of the line at 6320 Å in the solar spectrum: observed spectrum in black (Hinkle et al. 1995) , La line alone in red, Co line alone in green, total blend in purple. E = 19 214.54 cm −1 levels, is dominated by two components at ∼ 6262.2 Å and ∼ 6262.45 Å, which are too broadly separated compared to the observed profile.
Line lists predict the presence of a Co line and CN lines in the vicinity of the La line at 6320 Å. In the solar spectrum, the CN lines are completely negligible and we are left with the La and the Co lines. However, when [La/Fe] = 0 dex and [Co/Fe] = 0 dex, the synthetic profile is much deeper than the observed line (Fig. 3) . One way to solve this problem is to consider this line as a pure La line and adjust the log g f accordingly, following Kovtyukh & Andrievsky (1999) , who found log g f = −1.33 instead of −1.562 given by VALD. We tested different hypotheses: VALD log g f , considering a pure La line, considering a pure Co line or adjusted log g f so that the combination of La and Co fits the solar spectrum. However, none of the tested set of log g f allowed us to fit satisfactorily the line at 6320 Å in the spectrum of the Sun, µ Leo, and Arcturus simultaneously.
As for the La line at 6390.48 Å, the hyperfine constants are provided by Lawler et al. (2001a) . The line is contaminated by CN in its core, and some weaker CN components may appear before/after the blue/red wing of the La line (e.g. at 6389.6 Å, 6390 Å, 6391.2 Å). As we did for the Eu line, we adjusted the log g f of the CN contaminants close to the La line to fthe Sun and µ Leo simultaneously. We did not adjust the weaker CN lines that may appear before/after the blue/red wing of the La line since their depth is comparable to the noise level in our UVES spectra as seen in the second panel of Fig. 1 . We recall that Fig. 2 shows the fits for the high signal-to-noise ratio version of µ Leo's spectrum, that is, a better SNR than our UVES spectra.
Given the above remarks, we decided to discard the La lines at 6262 Å and 6320 Å. Our final La abundance is therefore equal to the abundance derived from the La line at 6390 Å.
Robustness of the derived abundances
As a sanity check, we performed a second determination of abundances for the following lines: La II line at 6390 Å and Ce II line at 6043 Å. This second determination differs significantly from the main method described above by the assumptions, synthesis code, and abundance measurement.
We used the code PFANT06, described in Barbuy et al. (2003) and Coelho et al. (2005 , see also Trevisan et al. 2011 . The heavy element line list and oscillator strengths reported in Barbuy et al. (2014) were used. Here we take the individual Mg, C, N and O abundances derived in Lecureur et al. (2007) for the initial composition into account (unlike the averaged values used in Sect. 3.3). For the metal-poor stars with no oxygen deriva- The observed spectra were smoothed with the Iraf task imfilter.gauss, using a σ = 2 px Gaussian function. The convolution of the synthetic spectra (to take the instrument convolution, macroturbulence profile, and rotation profile into account) and the normalisation of the observed and synthetic spectra were performed locally. The CN line lists were computed by Davis & Phillips (1963) . We identified the best fit to the observed spectrum with a visual inspection (unlike the χ 2 algorithm used in Sect. 3.1). 
Error budget
Random errors. In order to estimate the typical (random) error bars on our individual abundances, we used our high-resolution, high SNR ESPaDOnS spectrum of µ Leo to run Monte Carlo simulations. We degraded the resolution towards the UVES resolution and we added Gaussian noise in the spectrum. We performed two SNR hypotheses (30 and 50) to match the low tail and high tail of our SNR distributions (see Table 2 in Lecureur et al. 2007 ). We created 101 realisations for each SNR hypothesis and derived the abundances. Results are given in Table 3 . At a given SNR, when the resolution is decreased, the derived abundance tends to increase (up to ∼ 0.1 dex in the case of Ce). At a given resolution, when the SNR decreases, the derived abundance tends to increase (< 0.1 dex). Given the change of the abundance depending on the SNR and the standard deviations provided in the last two columns of Table 3 , we consider that the conservative random errors on our derived abundances are 0.15 dex for Ba, La, and Eu and 0.20 dex for Ce and Nd in the metal rich part of our sample (to reflect their higher sensitivity to the resolution).
Systematic errors. The uncertainties in stellar parameters given in Lecureur et al. (2007) , were revised in Barbuy et al. (2013) , which we adopt here, namely, ±150 K in temperature, ±0.2 in log g given that we used photometric gravities, ±0.1 dex in [Fe/H], and ±0.1 km s −1 in microturbulence velocity. Table 4 reports the errors in the studied element abundances due to a change in one of the atmospheric parameters for star BWc-4. Since these parameters are covariant, the quadratic sum of individual errors represent an upper limit for the true uncertainties. The abundances are mainly sensitive to temperature and gravity.
Results and discussion
As explained in Sect. 1, most of the heavy elements are made by both the s-and r-processes of neutron capture. However few elements, like Eu, are often considered as pure r-process elements since the r-process is thought to over-dominate the production. For instance, the r-process contribution to the solar Eu is 94 %, according to Arlandini et al. (1999) , and 97 %, according to Sneden et al. (2008) . On the other hand, for some elements, like Ba or La, the main contribution is thought to come from the s-process (though the r-process contribution is not negligible). For instance, ≈ 85 % of the solar Ba was produced by the s-process (Burris et al. 2000; Sneden et al. 2008) .
In Sect. 4.1 we compare the present results with bulge data from Johnson et al. (2012) 
• , and l = −1 • , b = −8.5
• , microlensed dwarf stars by Bensby et al. (2013) and for stars in the metal-poor bulge globular cluster NGC 6522 ). We also plot results for NGC 6266 (Yong et al. 2014a) , which is projected towards the bulge, but is found at a rather large distance of 6.7 kpc from the Galactic centre, and therefore it is unclear if it is associated with the bulge component. In Sect. 4.2 we compare our results for the bulge with those for the Galactic thin disc and thick disc, reported by Bensby et al. (2005) , Brewer & Carney (2006) , Reddy et al. (2006) and Simmerer et al. (2004) . Lastly, in Sect. 4.2 we compare our results to a sample of super-metalrich stars, which were identified to be either old inner thin disc or bulge stars by Trevisan et al. (2011) and Trevisan & Barbuy (2014) .
Chemical evolution of the Galactic bulge
Europium. clearly decreases with increasing metallicity in agreement with the behaviour also observed by Johnson et al. (2012) . Thus, we found for Eu the expected α-like behaviour for an r-element produced by massive stars (e.g. Fig. 14 in Sneden et al. 2008) ; the decreasing trend reflects the efficient production of iron by SN Ia after time delay between a few 100 Myr to ∼ 1 Gyr (Ballero et al. 2007) . Barium, lanthanum, cerium and neodymium. Figure 6 shows our bulge trends for Ba, La, Ce, and Nd, all belonging to the second peak of the s-process. [Fe/H] respectively. Those ratios are around the solar value for all metallicities, therefore, we can conclude that these elements are produced in the same stars or at least in the same proportions in any event.
In order to disentangle the contribution of the r-and sprocess, it is useful to plot the abundances among the heavy elements, as for example ratios to a reference s-element, such as Ba or La, and a reference r-element, such as Eu. Figure 9 shows the trends for [Ba, La, Ce, Nd/Eu] vs. [Fe/H] . These trends show essentially that the dominantly s-elements Ba, La, Ce, and Nd are underabundant relative to the r-element Eu, and the ratio is below solar at the lower metallicities where [Eu/Fe] is overabundant (Fig. 5) . The plots of [La/Eu] and [Nd/Eu] are better defined compared to those for Ba and Ce; see Sect. 3. We find a good agreement between our [La, Nd/Eu] trends and those of Johnson et al. (2012) , as well as with the data of Yong et al. (2014a) for the metal-poor cluster M62. Our bulge metal-poor stars (−0.6 dex < [Fe/H] < 0 dex) have mean [La, Nd/Eu] ratios comparable, within the uncertainties, to the value of the pure r-process ratio: for La, −0.17 dex (std. dev: 0.17 dex) vs. abundances are discussed in Barbuy et al. (2014) , Chiappini et al. (2011) . It is also interesting to see that [La, Nd/Eu] ratios increase moderately with increasing metallicity for supersolar metallicities. There is a gap in metallicity at −0.2 < [Fe/H] < 0 dex, and we cannot check where this increase in La, Nd starts. This finding, together with our previous finding of low (subsolar) [La, Nd, Ce/Fe] values in our sample, supports a scenario of a weak contribution of the s-process in the production of the second-peak elements.
4.2.
Comparison between our sample vs. Galactic discs and bulge-like solar-neighbourhood stars fact that Eu is processed by massive stars, and thus, is expelled in the interstellar medium at early stages of the galactic evolution. If one compares the abundance diagrams of second peak selements obtained for the different galactic components (Fig. 6) , we find that [Ba, La, Ce, Nd/Fe] ratios in bulge stars tend to lie above 0 dex for [Fe/H] < −0.2 − 0 dex and below 0 dex for [Fe/H] > 0 dex (Table 5) , while the discs show a flatter distribution at all metallicities. Though the comparison between MW discs and bulge cannot be repeated, the full metallicity range of our bulge sample (paucity of data points above ∼ 0.1 dex for the MW discs), our findings may suggest a decreasing trend for [Ba, La, Ce, Nd/Fe] in the bulge stars. We emphasize that µ Leo ([Fe/H] = 0.3 dex) behaves like the metal-rich part of our sample: in particular, µ Leo has [La/Fe] = −0.36 dex and [Nd/Fe] = −0.7 dex, while our sample reaches [La/Fe] = −0.35 dex and [Nd/Fe] = −0.6 dex at similar metallicity. Systematic effects between dwarf and giant stars may explain the negative slope observed for our giant bulge stars. Assuming that the slope indeed has astrophysical origin, and since Ba, La, Ce, Nd are mainly produced by the s-process and Fe is mainly produced by SN Ia, the decrease of [Ba, La, Ce, Nd/Fe] with increasing metallicities could be due to a weak production of Ba, La, Ce, Nd by the s-process and/or a strong production of Fe by SN Ia. A very active production of iron by SN Ia is unlikely since it would affect other [X/Fe] vs. [Fe/H] diagrams (e.g. α-elements) and it would require a higher rate of binary system formation in the bulge than in the MW discs. On the other hand, it is more reasonable to assume a weaker contribution of the s-process, compared to the Galactic thin and thick discs, and therefore, assume that the second peak elements would be mainly produced by the r-process. The increase of [Ba, La, Ce, Nd/Eu] vs. [Fe/H] may indicate that the s-process from AGB stars starts to operate at a metallicity around solar (Fig.9) , that is, at a later epoch in the bulge history compared to the discs.
In order to better disentangle the Galactic populations, we plot [Ba/O] vs. [Fe/H] in Fig. 10 . This figure shows that our [Ba/O] results overlap well the thick disc distribution from Bensby et al. (2005) and Reddy et al. (2006) . Finally, all these stellar populations are clearly distinct from the thin disc in the metal poor regime, that is, where the thin and thick discs themselves are chemically distinct. On the other hand, the [Ba/O] distribution derived by Trevisan & Barbuy (2014) for bulge-like solar-neighbourhood stars is more similar to the thin disc distribution than our bulge distribution. This similarity reinforces the finding by Trevisan et al. (2011) and Trevisan & Barbuy (2014) that this sample should rather be associated with an old inner thin disc rather than a bulge-like population.
Conclusions
The heavy elements appear to be a useful indicator of chemical enrichment in different environments. We find evidence for differences between their abundances in the thin and thick discs and bulge stars. We emphasize that the Fornax dSph or the Large Magellanic Cloud have their [Ba, La/Fe] ratios increasing with increasing metallicities (e.g Tolstoy et al. 2009 , Van der Swaelmen et al. 2013 , making evident that the chemical enrichment of these galaxies is dominated by the sprocess and the trends are clearly distinct from those of stellar populations in the Galaxy.
We have derived abundances of the neutron-capture elements Ba, La, Ce, Nd, and Eu in 56 bulge red giants. Their metallicities are in the range −1.3 < [Fe/H] < 0.3 dex, which, if one follows the multiple populations proposed by Babusiaux et al. (2010 ), Hill et al. (2011 ), Ness et al. (2013 ), or Rojas-Arriagada et al. (2014 , would mean that our sample includes stars in two stellar populations: old metal-poor with isotropic kinematics and metal-rich stars with bar-like kinematics. Even so, the behaviour of heavy-element-to-iron abundances vs. metallicity show some clear trends, among which we can cite as more important:
The dominantly r-element Eu shows a [Eu/Fe] vs. [Fe/H] ratio similar to that of alpha-elements (Fig. 5) , that is, a flattening of the distribution towards low metallicities ([Fe/H] <∼ −0.5 dex), which is compatible with a plateau. The trend [Eu/Fe] vs. [Fe/H] also reveals a turnover at around [Fe/H] ∼ −0.6 dex due to Fe enrichment from type Ia SNe. It is interesting to compare the metallicity of the turnover with that for bulge microlensed stars by Bensby et al. (2013, their Fig. 25 ) located at around [Fe/H] ∼ −0.7 dex, and [Fe/H] ∼ −0.4 dex for thick disc stars, which can be seen in Fig. 9 of Bensby et al. (2004) [Fe/H] , showing that they decrease steadily with increasing metallicities. One possible interpretation would be that the second peak elements are mainly produced by the r-process and that the decrease with metallicity is due to Fe enrichment by SN Ia. However, the increase of the [La/Eu] and [Nd/Eu] ratios with increasing metallicity for supersolar metallicities is due to s-element enrichment by AGB stars. Consequently, in that metallicity regime, the decrease in abundance (relative to iron) of the second peak neutron capture elements must be due to the s-process production not being quite strong enough to counterbalance the iron production by SN Ia.
For metal-poor stars in the range −0.6 dex < [Fe/H] < −0.3 dex, [La, Nd/Eu] ratios are located close to the pure rprocess expected value (Arlandini et al. 1999; Sneden et al. 2008) , indicating that for these older stars all these elements are produced by the r-process.
Finally, Fig. 10 showing [Ba/O] vs.
[O/H] shows that our bulge stars and the thick disc data from Bensby et al. (2005) and Reddy et al. (2006) are compatible. The same figure shows that all these stellar populations are clearly distinct from the thin disc. Another interesting product of Fig. 10 is the comparison with metal-rich stars by Trevisan et al. (2011) and Trevisan & Barbuy (2014) , indicating that their sample better resembles an old inner thin disc than a bulge-like population. Table 3 . Individual abundances for µ Leonis derived from spectrum at different resolution and SNR. The column ESPaDOnS lists the abundances derived using the original ESPaDOnS spectrum. The column UVES, ∞ lists the abundances derived using the spectrum degraded to the UVES resolution, with the original SNR. The last two columns give the mean abundances and their standard deviation, obtained from the 101 Monte Carlo simulations for the low and high signal-to-noise hypothesis. 
